Nanomaterial-based biocatalysts have emerged as current carriers suitable for enzyme immobilization. The nano-sized materials provide large surface area for enzyme attachment, thus increasing the probability for its efficient catalyst activity. By using magnetized nanomaterials, enhancement of the downstream processing is evident as it eases the immobilized enzyme separation from the reaction mixture further. Lipase / maghemite composites were prepared by initial maghemite surface modification to cater to the needs for biocatalyst attachment. Surface modification using chitosan and subsequent cross-linking with glutaraldehyde provide a suitable environment for the enzyme to be immobilized. Optimization of the conditions for lipase immobilization was carried out using a response surface methodology (RSM) experimental design to obtain the precise optimized conditions for the process. Selected process variables involved were chosen and optimized conditions for lipase immobilization were 9 hour incubation time, 55°C incubation temperature and 12 % (v/v) glutaraldehyde content. The optimized immobilized lipase activity was 1.8 U. Characterizations of the on synthesized materials were also performed. The size distribution of maghemite nanomaterials was mainly within the range of 2-3 nm. Thermal properties of the synthesized maghemite was investigated using DSC and TGA analyses and we found that maghemite changes to hematite at 456.3°C. Magnetic properties of both untreated and lipase immobilized maghemite were studied using VSM and both were superparamagnetic nanomaterials with saturation magnetizations of 34.3 and 80.3, respectively.
INTRODUCTION
A nano-scale size maghemite and its biocompatibility enhance its desirability to be used as an enzyme immobilization matrix. This allows green technology to be manipulated in a wide range of applications. Having a very small particle size, maghemite provides large surface area for protein attachment and shorter substrate diffusional path (Ghadi et al., 2015; Kim et al., 2005) . Apart from that, the magnetic property of maghemite eases the downstream processing as the immobilized enzyme can be easily separated by applying an external magnetic field. Surface modification of the target maghemite is needed to further increase the efficiency during enzyme immobilization. For instance, chitosan (2-amino-2-deoxy-(1→4)-β-ᴅ-glucan); a type of polysaccharide with amino functional groups is suitable for protein conjugation through cross linking agent such as glutaraldehyde (Kuo et al., 2012) . The support containing chitosan can retain more than 80% of immobilized enzyme activity after a number Printed in Brazil www.abeq.org.br/bjche of hydrolytic cycles (Chiou & Wu, 2004; Romdhane, Romdhane, Gargouri, & Belghith, 2011) . Furthermore, a maghemite coated chitosan was light, exhibited enhanced tensile strength, high flexibility with tunable magnetic and electrical properties (Saravanan & Ramasamy, 2016) .
Lipase (EC 3.1.1.3) is an enzyme that belongs to the hydrolase family that natively hydrolyzes triacylglycerides to simpler products of glycerol and fatty acids at the water-oil interface. The system, however, changes when lipase is used in organic solutions, where it can catalyze formation of ester bonds in the presence of a minimal amount of water for enzyme activation. By immobilizing it onto a suitable carrier, the function of lipase can be tailored for specific required reactions of interest with enhanced stability at high enzyme activity. Compared to the free enzyme, the immobilized lipase shows advantages over the former through higher catalytic stability, functionality over continuous operations and lower operating cost, especially in the downstream processing .
Previously, there were many studies reporting on lipase immobilization using silica grafted ferrofluids (Cipolatti et al., 2014; Shaarani et al., 2016) . In this study, we used chitosan as the maghemite coating agent with sodium tripolyphosphate to assist crosslinking with glutaraldehyde before being treated with lipase enzyme. By applying such a composite, an enhance probability for efficient lipase immobilization can occur due to increase in the number of amine sites for enzyme attachment. To the best of our knowledge, such a composite has yet to be explored widely. The covalent lipase immobilization process was done using a response surface methodology (RSM) statistical analysis to find the optimum conditions. The method allows the determination of the optimum region with evaluation of the significance of dependent and independent variables with reduced numbers of experiments (Kuo et al., 2012) . Physicochemical properties of both modified maghemite and immobilized lipase were also studied in order to understand the system better.
METHODOLOGY

Synthesis of maghemite nanoparticles
Chemical composition and route of synthesis of maghemite followed (Idris, Ismail, Hassan, Misran, & Ngomsik, 2012) . Briefly, FeCl 2 and FeCl 3 (mol ratio 1:3) were added to 2M HCl followed by addition of 2.2 M NH 3(aq) . The mixture was then stirred for 30 minutes before removing the upper phase by treating it with an external magnet. The remaining solution was washed with deionized water and subjected to upper phase removal by using an external magnet again. To convert the solution to maghemite, HNO 3 and Fe(NO 3 ) 3 at 1:1 (v/v) were added and solution was mixed and boiled for 30 minutes. The unreacted reagent was then removed by magnetic removal. The mixture was then washed with acetone and diethyl ether alternately before being dried overnight to recover the solid phase of maghemite.
Surface modification of synthesized maghemite nanoparticles
Initially, 1% (w/w) chitosan was prepared by dissolving it in 1.5% (v/v) acetic acid of pH 4.0. Then, 0.1 g of maghemite was added into 20 ml of prepared chitosan and mixed via sonication to ensure even coating. The excess chitosan was removed by washing the solution with deionized water and separated with an external magnet. The complex was then dispersed into 0.5 mg/ml sodium tripolyphosphate (TPP) to form a maghemite/chitosan/TPP composite.
Response surface methodology (Box-Behnken) experimental design for lipase immobilization
A total number of 30 runs was generated by using Box-Behnken design in RSM of Minitab® software and performed in two replicates. The design is an independent quadratic design that does not involve preliminary full factorial design. This provides advantages over experimental runs with few factors since no screening experiment was conducted since to only 3 factors were involved. Lipase from Candida antarctica supplied from Sigma-Aldrich was used throughout without further purification. The summary of immobilization parameters is shown in Table 1 .
The response to the immobilization efficiency was calculated using the immobilized lipase activity (U) post treatment. The hydrolysis of p-nitrophenyl palmitate was performed in a homogenized phosphate buffer (pH 7) with acacia gum and Triton X-100 as emulsifiers at 37°C. Immobilized lipase activity was then measured using a UV-Vis spectrophotometer at 410 nm. One unit of enzyme activity is defined as the amount of enzyme required to liberate 1μmol of p-nitrophenol per minute. Activity of the immobilized lipase was calculated using Equation (1): where ∆OD 410 = gradient value for production of p-nitrophenol at 410 nm; Vs = volume of total sample (mL); V ls = volume of reaction mixture (mL); ɛ 410 = value for the p-nitrophenol molar extinction coefficient measured at 410 nm, which is 61865.6 L mol -1 cm -1
Physico-Chemical Characterization of Synthesized Maghemite and Lipase / Maghemite Composite
Confirmation of maghemite nanoparticles was done using X-Ray powder diffraction (XRD) on a Siemens XRD Diffractometer D5000 using Cu-Kα radiation. FT-IR spectra were obtained using an ATR -FTIR (Shimadzu, IRTracer -100). The morphology of the synthesized maghemite nanoparticles was confirmed using High Resolution Transmission Electron Microscopy (HRTEM) at 200 kV. Thermal properties of synthesized maghemite were investigated through differential scanning calorimetry (DSC) under a nitrogen flow rate of 50 ml min -1 . The range of temperature applied during analysis was from ambient temperature to 500°C with a temperature ramp of 10 °C min -1 . Analysis of maghemite weight loss with increase in temperature was performed through thermogravimetric analysis (TGA) using the temperature range from ambient temperature to 650 °C under continuous nitrogen flow with a temperature ramp of 10 °C min -1 . Degrees of iron oxide nanoparticle magnetization were visualized quantitatively using Vibrating Sample Magnetometer (VSM) model Lakeshore7404 series in a magnetic field up to ±15 G at room temperature
RESULTS AND DISCUSSION
Box-Behnken Design of lipase immobilization on surface-modified maghemite
Box-Behnken analysis was measured using the enzyme activity of immobilized lipase enzyme on maghemite. The experiments were performed using Box-Behnken response surface design randomly in two replicates to find the optimized region. Responses generated from the experimental runs are tabulated in Table 2 . Significance of each parameter tested was calculated using ANOVA at α = 0.05 and mathematical correlations using least square method conducted by fitting the amount of product formed at desired parameters in Table 2 . Dependency on the model towards the system was measured through model fitting analyses ( Table  3) . Values of R 2 and lack-of-fit will determine the accuracy of the model. High value of R 2 shows that the model fits the experimental data very well. The non- Table 2 . Parameters studied for optimization of lipase immobilization on maghemite using Box-Behnken design.
X 1 = temperature (ºC); X 2 = time (hr); X 3 = glutaraldehyde (%). ANOVA (α = 0.05) test was conducted to evaluate the effect of parameters applied to the system (Table  4 ). In the analysis, the T value is used to determine the significance of the regression coefficients of parameters and the p-value is the smallest level of significance for rejecting the null hypothesis (Jaiswal, Prakash, Talat, Hasan, & Pandey, 2012) .
From the ANOVA test conducted, all the linear parameters tested were found to be significant towards efficiency of lipase immobilization on maghemite with p values less than 0.05. High T-value of both incubation time and glutaraldehyde content show that both of these linear parameters have greater effect toward activity of immobilized lipase compared with (1) incubation temperature. The results also indicate that the immobilized enzyme activity has a linear and positive relationship with all of linear parameters tested.
For the quadratic interactions between the parameters and immobilized lipase activity, the results from Table 4 shows that incubation time*incubation temperature has the strongest quadratic effect with highest T-value compared with other interaction effects. From the generated data, regression analysis for Box-Behnken was calculated and the full quadratic model (uncoded) is shown in Equation (2): Table 4 . ANOVA of parameters tested. 
Main effects plot for lipase activity (U) -Data means
Based on the main effect plots (Figure 1) , the activity of immobilized lipase was found highest at all of the upper points of each parameter tested. Almost equal effects on the immobilized lipase activity are observed for both incubation time and glutaraldehyde content (~ 85%) when both are at their highest point. Both of the parameters (incubation time and glutaraldehyde content) also show a linear increment pattern with an increase in their levels. But incubation temperature shows otherwise; although the highest level of incubation temperature tested resulted in highest immobilized lipase activity, its mid-point shows a downward curvature in its response.
The normality of data obtained can be obtained through plotting the normal probability plot of residuals. The residual values explain the difference between the observed and predicted value of the regression. From Figure 2 (a) , the experimental points (2) aligned on the suggesting normal probability plot show that the data is not skewed anywhere and compliance with normality of data. Figure 2 (b) shows plots of residuals versus fitted values. From the data, the residuals are randomly scattered around the zero line, suggesting there is no bias in the variance. Figure 2 (c) show a histogram plot with symmetrical observation, further supporting the normality of the data. Figure  2 (d) shows that the residuals are randomly scattered with observation order further confirming the non-bias of the data. 3D surface plots were plotted to see the potential interaction effect between all parameters used. The plots are able to describe a continuous response when two different parameters are applied. Figure 3 (a) shows interaction between incubation time and incubation temperature towards immobilized lipase activity. From the plot, it was found the highest enzyme activity occurs when both incubation temperature and incubation time are at their highest point. A downward curvature in response was observed when the levels progress from the lower points to their upper points. Figure 3 (b) shows similarity in response to 3(a), but a more downward curvature was observed as the combination points for glutaraldehyde content and incubation temperature progress from their lower to the upper point. A sharp increase was observed in Figure 3 (c) in the 3D surface plot between incubation time and glutaraldehyde content There was merely a curvature observed along the point distribution.
In order to find the optimized region, the response optimizer ( Figure 4 ) was used in determining to combination of operating parameters that will result in the desired condition. Both weight and importance were set at 1. The response optimizer was set to the maximum immobilized lipase activity value of 1.8 U. The global solution was found to be at combination points of 9 hours of incubation time, 55ºC incubation temperature and 12 % (v/v) glutaraldehyde with a desirability score of 1.
Characteristics of synthesized and lipase immobilized maghemite nanoparticles Infrared Spectra of Synthesized Maghemite, Surface Functionalized Maghemite and Lipase enzyme
Characterization of synthesized, surface functionalized maghemite and free lipase was performed using FT-IR spectra, as shown in Figure  5 . All peaks attributed to free lipase enzyme based on Figure 5 (a) appeared in Figure 5 (c) indicating the succesful lipase immobilization on maghemite complex nanoparticles. Figure 5 (b) shows the pure chitosan before the cross-linking reaction. The broad peak around 3420 cm -1 indicates the stretching vibration of ʋ-NH 2 of chitosan that is overlapped with OHstretch and the peak around 1640 cm -1 represents the amide group (Ou & Bo, 2017) . The shifted peak around 1630 cm -1 in Figure 5 (c) is attributed to the linked chitosan. New peaks at 640 cm -1 and 580 cm -1 correspond to the layer of chitosan coated on maghemite (Hojnik, Knez, & Leitgeb, 2013) . The broad peak at 630 cm -1 and peak at 440 cm -1 in Figure 5 (d) indicate the Fe-O bond in maghemite. The structure of the synthesized maghemite/lipase composite is shown in Figure 6 .
synthesized maghemite. Figure 8 shows the image of synthesized maghemite. The spherical shape of maghemite was observed with a size distribution in the range of 2.01-3.0 nm, as shown in Figure 8 
X-Ray Diffraction Microscopy
Verification of maghemite was conducted using X-Ray diffraction (XRD) by applying CuKα (λ = 0.154 nm) radiation from 20 -70 degrees. The obtained diffraction peaks were analyzed and found to be consistent with standard maghemite (JCDPS card No. 39-1346) . The XRD peaks of the nano-crystallite match well with the standard of γ-Fe 2 O 3 where the peaks are at 2θ = 30. 3°, 35.6°, 43.4°, 53.7°, 57 .0° and 63.0° which correspond to the (220), (311), (400), (422), (511) and (440) reflections of γ-Fe 2 O 3 , respectively (Ngadiman et al., 2015) . The diffraction pattern obtained during the analysis is shown in Figure 7 .
Electron microscopy
High Resolution Transmission Electron Microscopy (HRTEM) was used to study the size, morphology, degree of crystallinity, as well as dispersion, of respectively. The polycrystallinity of maghemite was evident with formation of rings in the Selected Area Electron Diffraction (SAED) pattern (Figure 8(c) ). Interplanar spacings (d-values) of maghemite were also calculated and compared with standard values from JCDPS card #39-1346 to confirm further the type of iron oxide nanoparticles synthesized (Cheng, Tang, Qi, Sheng, & Liu, 2010) . Obtained d-values were in good agreement with the standard values, further indicating that the type of iron oxide nanoparticles synthesized were maghemite. The comparison of values is tabulated in Table 5 . thermogram as depicted in Figure 8 , the enthalpy of phase change was 140.55 J g -1 of maghemite. The entropy in the system was also calculated using the transition temperature (K) and enthalpy (J g -1 ) values and the value obtained was 0.19 J g -1 K -1 .
The thermal properties of the synthesized maghemite were investigated using thermogravimetric analysis (TGA) in order to study its thermal stability. By doing TGA analysis, the amount of weight loss can be monitored with increase in temperature. Based on the thermogram in Figure 10 , it is observed that the decomposition pattern of maghemite appeared in two stages. The first stage of weight loss appeared from ambient temperature until 100°C. This initial weight loss is associated with evaporation of water from the sample. A second weight loss observed in the range between 350°C to 420°C might be due to pyrolysis of organic compounds present in the composite (Chaudhari et al., 2011) . Conversion of maghemite to hematite afterwards occurred without any weight loss. Thermal properties of Synthesized Maghemite Figure 9 shows the DSC thermogram of maghemite in the temperature range of 25°C until 500°C. An exothermic peak was observed at 456.3°C indicating the transition of maghemite to hematite. This is similar to the result reported by (Rocher, Manerova, Kinnear, Evans, & Francesconi, 2014) , who recorded the transition temperature of maghemite to hematite below 500°C. Perhaps, this is due to the smaller size of the maghemite synthesized (Darezereshki, 2011) . The occurrence of phase change from maghemite to hematite at the stated temperature is due to a structural change from cubic to hexagonal phase where the system will have a lower state of free energy (Pati & Philip, 2011) . The exothermic phase change enthalpy provides the amount of energy released and is based on integration of the peak in the curve and subsequent division by the mass of sample used. Based on the 
Magnetization of Untreated Maghemite and Lipase Immobilized Maghemite
The magnetic properties of lipase immobilized maghemite were compared with the untreated maghemite through characterization using a vibrating sample magnetometer (VSM) at room temperature ( Figure 11 ). Parameters such as saturation magnetization (Ms), coercivity field (Hc), and remanent magnetization (Mr) were evaluated. For both products, the presence of superparamagnetic properties was evident due to the almost null coercivity and retentivity values for both samples. The saturation magnetization of lipase/maghemite composite increased more than twice that of the untreated maghemite. This is due to the increase in size of the maghemite nanoparticles post surface modification and lipase immobilization which led to the increase in the saturation magnetization (Immanuel et al., 2015) . The parameter values for both samples are shown in Table 6 .
CONCLUSION
Immobilization of lipase enzyme on maghemite was successful with good enzyme activity recorded. The surface of maghemite was modified by adding -NH functional groupa and applying glutaraldehyde as cross-linker to the magnetic nanomaterial to further enhance lipase attachment. Characterization of physicochemical properties was performed to investigate the quality of synthesized products. FT-IR spectra were used to confirm the successful immobilization of lipase onto maghemite. We found that the synthesized maghemite was of high purity with a size distribution mainly between 2-3 nm, thus able to provide very large surface area for enzyme attachment. Transition of synthesized maghemite to hematite occurred at 456.3°C with enthalpy and entropy values of 140.55 J/g and 0.19 J g -1 K -1 respectively. It was also found that the saturation magnetization of immobilized lipase/ maghemite composite was higher than the untreated but did not affect its superparamagnetic properties.
